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UHGXFHWRROZHDUDQGWLPHRISURGXFWLRQ7KHUHIRUHLWLVRIJUHDWLQWHUHVWWREXLOGXSIXQFWLRQDOVWUXFWXUHVE\DGGLWLYH
PDQXIDFWXULQJ&RPPRQO\SUHDOOR\HGSRZGHUVDUHXVHGLQDGGLWLYHPDQXIDFWXULQJWHFKQLTXHVOLNHVHOHFWLYHODVHU
PHOWLQJDQG'0'7KHODWWHUWHFKQLTXHHVSHFLDOO\DOORZVLQVLWXPL[LQJRISRZGHUVLQRUGHUWREXLOGXSFRPSRVLWLRQ
JUDGLHQWV+RZHYHUWKHSURFHVVLQJRIDPL[WXUHRIHOHPHQWVLQWURGXFHVQHZFKDOOHQJHVLQILQGLQJWKHEHVWSURFHVV
SDUDPHWHUV VLQFH WKHLU WKHUPDO SURSHUWLHV FDQ EH YHU\ GLIIHUHQW $OWKRXJK PRO\EGHQXP QLRELXP WDQWDOXP DQG
WXQJVWHQDOOKDYHUHODWLYHO\KLJKPHOWLQJSRLQWVWKHGLIIHUHQFHLQWKHPHOWLQJSRLQWVRIQLRELXPDQGWXQJVWHQLVODUJH
DURXQG&
5HVHDUFKRQ+($VLVRIWRSLFDOLQWHUHVWEHFDXVHWKH\DUHYHU\SURPLVLQJDVDGYDQFHGPDWHULDOV'HILQLWLRQDQG
SURSHUWLHV FDQ EH IRXQG HOVHZKHUH IRU LQVWDQFH =KDQJ HW DO  DQG0XUW\ HW DO  5HIUDFWRU\PHWDOV DUH
LQWHUHVWLQJ EHFDXVH RI WKHLU PHFKDQLFDO VWUHQJWK DW KLJK WHPSHUDWXUHV DQG SRVVLEOH DSSOLFDWLRQV FDQ EH IRXQG LQ
DHURVSDFH'R\FKDNDQGQXFOHDUVFLHQFH:X+($VEDVHGRQUHIUDFWRU\PHWDOVVXFKDVWKHHTXLPRODU
DOOR\0R1E7D: KDYH EHHQ LQYHVWLJDWHG IRU H[DPSOH E\ $QWRQDJOLD HW DO  6HQNRY HW DO  DQG
RWKHUVEXW WKHDOOR\VZHUHDOZD\VSURGXFHGE\YDFXXPDUFPHOWLQJ7RDYRLGHODERUDWHSUHDOOR\LQJRIUHIUDFWRU\
PHWDOVZKLFKFDQRQO\EHGRQHE\YDFXXPDUFPHOWLQJ'0'FDQEHFRQVLGHUHG IRU in situ DOOR\LQJE\G\QDPLF
SRZGHUPL[LQJ+HUHZH UHSRUW UHVXOWV RI SUHOLPLQDU\ LQYHVWLJDWLRQV RI WKH HIIHFWV RI SURFHVV SDUDPHWHUV RQ WKH
FKHPLFDOFRPSRVLWLRQRIPDWHULDOJHQHUDWHGE\'0'
([SHULPHQWDO3URFHGXUH
'LUHFW PHWDO GHSRVLWLRQ ZDV SHUIRUPHG ZLWK D SXOVHG 1G<$* ODVHU ZLWK :PD[LPXP DYHUDJH SRZHU
IRFXVLQJ RSWLFV ZLWK D IRFDO OHQJWK RI  PP DQG D VSRW GLDPHWHU RI  P $OO VDPSOHV ZHUH SUHSDUHG RQ
VLQWHUHGPRO\EGHQXPVXEVWUDWHVZLWKDWKLFNQHVVRIPPDQGDVXUIDFHDUHDRI[PPð7KHVXUIDFHZDVILUVW
JURXQG DEUDVLYH SDSHU 3 WR UHPRYH LWV R[LGH OD\HU DQG XOWUDVRQLFDOO\ FOHDQHG LQ DFHWRQH ,W ZDV WKHQ
SRVLWLRQHG RQ D  [  PPð  PP WKLFN VWDLQOHVV VWHHO KROGHU ZKLFK ZDV ZHOGHG WR WZR KHDWLQJ HOHPHQWV
7HPSHUDWXUHZDVPHDVXUHGZLWKDWKHUPRFRXSOHLQVHUWHGWKURXJKDSLQKROHDQGZHOGHGWRWKHXSSHUVXUIDFHRIWKH
KROGHUVHH)LJXUH7KH UHIUDFWRU\PHWDOV LQRXU+($KDYHDERG\FHQWHUHGFXELF ODWWLFHDQGDOOH[FHSW IRU7D
VKRZDGXFWLOHEULWWOH WUDQVLWLRQZKRVH WHPSHUDWXUH VWURQJO\GHSHQGVRQ WKHPLFURVWUXFWXUH7KHUHIRUH WKHKROGHU
ZDVSUHKHDWHGWR&DQGWKHPHDVXUHGWHPSHUDWXUHUHDFKHG&GXULQJ'0'7RSURWHFWWKHUHIUDFWRU\
PHWDOVIURPR[LGDWLRQWKHGHSRVLWLRQSURFHVVZDVSHUIRUPHGLQDUJRQDWPRVSKHUH7KHSURFHVVFKDPEHUZDVVHPL
FORVHGZLWKDQRXWOHWDWWKHKLJKHVWSRVLWLRQWRFRPSHQVDWHIRUWKHLQFRPLQJFDUULHUDQGSURWHFWLRQJDVDOVRDUJRQ
'XULQJSUHKHDWLQJSURFHVVLQJDQGFRROLQJWKHFKDPEHUZDVFRQVWDQWO\SXUJHGZLWKDUJRQJDV

)LJ([SHULPHQWDOVHWXSRIGLUHFWPHWDOGHSRVLWLRQLQDUJRQDWPRVSKHUH
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*HQHUDWHGVWUXFWXUHVZHUHFURVVVHFWLRQHGSROLVKHGDQGDQDO\]HGZLWKWKHXVHRIDVFDQQLQJHOHFWURQPLFURVFRSH
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'0'SURFHVVHIILFLHQF\DQGVWDELOLW\VWURQJO\GHSHQGVRQSRZGHUSURSHUWLHV&RQWUROOHGGHSRVLWLRQFDQRQO\EH
DFKLHYHGZLWKKRPRJHQHRXVZHOGLQJVHDPVZKLFKLQWXUQQHHGDKLJKTXDOLW\SRZGHUIRFXV+LJKTXDOLW\SRZGHU
IRFXVFDQEHDFKLHYHGE\ZHOOGLUHFWHGSRZGHUIORZZLWKORZSRZGHUVFDWWHULQJDQGDSRZGHUIRFXVVL]HPDWFKHGWR
WKHODVHUVSRWVL]H,IWKHSRZGHUIRFXVVL]HLVODUJHUWKDQWKHODVHUVSRWVL]HWKHSRZGHUFDWFKPHQWHIILFLHQF\ZLOO
GHFUHDVHVLJQLILFDQWO\+RZHYHUWKHRYHUODSRISRZGHUIORZDQGODVHUEHDPVKRXOGEHORZWRDYRLGRYHUKHDWLQJDQG
HYDSRUDWLRQRISRZGHUSDUWLFOHV3RZGHUVFDWWHULQJQRWRQO\HQODUJHVWKHSRZGHUIRFXVEXWDOVRPDNHVWKHSRZGHU
IORZPRUHFKDRWLF7KHUHE\SDUWLFOHVFDQFURVVSHQHWUDWHWKHODVHUEHDPDQGFDXVHZHOGLQJVSDWWHURQWKHVXEVWUDWH
RUDWWKHHGJHVRIJHQHUDWHGVWUXFWXUHV7KHSRZGHUIORZTXDOLW\GHSHQGVRQWKHJHRPHWULHVRIWKHSRZGHUQR]]OH
FDUULHU JDV YHORFLW\ SDUWLFOH VL]H DQG SDUWLFOH VKDSH %HVW SRZGHU IORZ FDQ EH DFKLHYHGZLWK VSKHULFDOO\ VKDSHG
SDUWLFOHVDQGDVL]HGLVWULEXWLRQRIȝP.RQJHWDO


)LJ6(0LPDJHVRI0R1E7DDQG:SRZGHUVSRZGHUVSURYLGHGE\H.C.Starck). ([FHSWIRUPRO\EGHQXPDOOHOHPHQWV VKRZDQLUUHJXODU
FUXVKHGVKDSH7DQWDOXPDQGWXQJVWHQKDYHDVOLJKWO\ODUJHUSRZGHUVL]HGLVWULEXWLRQ
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7KHSDUWLFOHVL]HUDQJHVRIWKHHOHPHQWDOSRZGHUVDVJLYHQE\WKHPDQXIDFWXUHUZHUHTXLWHVLPLODUVHH7DEOH
EXW VLQFH WKH\ZHUHPHDVXUHGE\ VLHYLQJ WKH VL]H GLVWULEXWLRQ FDQ EH GLIIHUHQW EHFDXVH RI WKHLU GLIIHUHQW VKDSHV
)LJXUHLOOXVWUDWHVWKHSDUWLFOHVKDSHVDQGLWFDQEHVHHQWKDWRQO\PRO\EGHQXPSDUWLFOHVH[KLELWDVSKHULFDOVKDSH
$GGLWLRQDOO\ WKH\DUH VRPHZKDWVPDOOHU WKDQ WKHRWKHUSRZGHUVZKLFKKDYH LUUHJXODU FUXVKHGVKDSHV7DQWDOXP
DQGWXQJVWHQVKRZWKHODUJHVWVL]HGLVWULEXWLRQDOWKRXJKWKHWXQJVWHQSDUWLFOHVDUHDOLWWOHELWPRUHURXQGHG$VZLOO
EHVKRZQODWHUWKHLUUHJXODUVKDSHGSDUWLFOHVFDXVHSRZGHUIORZVFDWWHULQJDQGKDYHDQLQIOXHQFHRQWKHGHSRVLWLRQ
TXDOLW\DQGSURFHVVVWUDWHJ\
7DEOH)ORZSURSHUWLHVDQGSRZGHUVL]HGLVWULEXWLRQRIHOHPHQWDOSRZGHUV
5HIUDFWRU\HOHPHQW 1E 0R 7D :
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LUUHJXODU
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
7R IHHG WKH SRZGHU D URWDWLQJ GLVF ZLWK D JURRYHZDV XVHG 'XH WR JUDYLW\ WKH SRZGHU IDOOV IURP D VWRUDJH
FRQWDLQHUWKURXJKDIXQQHOLQWRWKHJURRYH7KHUHE\DQLQYHUVHFRQHLVIRUPHGLQWKHUHPDLQLQJSRZGHU6HJUHJDWLRQ
W\SLFDOO\RFFXUVZKHQSRZGHUPL[WXUHVRIGLIIHUHQWVL]HVDUHH[SRVHGWRYLEUDWLRQRUPRWLRQ6LQFHWKHSRZGHUZDV
SUHSDUHGDVDQHTXLPRODUPL[WXUHVHJUHJDWLRQLVQRWDFFHSWDEOH7KHUHIRUHWKHIORZDELOLW\RIWKHHOHPHQWDOSRZGHUV
ZDVH[DPLQHG6DPSOHYROXPHVRIFPñZHUHSODFHGLQDIXQQHODQJOHZLWKDQDSHUWXUHGLDPHWHURIPP
)ORZWLPHDQGDQJOHRIUHSRVHZHUHPHDVXUHGZLWKDYLGHRFDPHUDVHH7DEOH+LJKHVWGHYLDWLRQFDQEHVHHQIRU
WKHVSKHULFDOPRO\EGHQXPSRZGHUZKLFKKDVWKHORZHVWIORZWLPHDQGDQJOHRIUHSRVH)RUWKHRWKHUSRZGHUVWKH
DQJOHRIUHSRVHZDVDOPRVWHTXDODOWKRXJKWDQWDOXPKDVDORZHUIORZWLPH$VVHJUHJDWLRQRIPRO\EGHQXPFRXOG
QRWEHH[FOXGHGIXUWKHUWHVWVZHUHFRQGXFWHGZKHUHVHYHUDOHTXDO'0'VDPSOHVZHUHJHQHUDWHGDWGLIIHUHQWILOOLQJ
OHYHOV RI WKH VWRUDJH FRQWDLQHU $ VLJQLILFDQW GLIIHUHQFH LQ WKHLU FKHPLFDO FRPSRVLWLRQ FRXOG QRW EH PHDVXUHG
&RQVHTXHQWO\VHJUHJDWLRQRIWKHSRZGHUVPD\EHQHJOHFWHGLQWKHIROORZLQJH[SHULPHQWVRIWKHFXUUHQWVWXG\EXWLW
KDVWREHPHQWLRQHGWKDWRQO\DVPDOODPRXQWRISRZGHUZDVXVHGPD[JLQVWRUDJHFRQWDLQHU)RUSURFHVVXS
VFDOLQJVHJUHJDWLRQVKRXOGEHUHFRQVLGHUHG
5HVXOWVDQGGLVFXVVLRQ
4.1. Single-track welds 
,Q'0'DODVHULVXVHGWRORFDOO\GHSRVLWHQHUJ\LQWRDPDWHULDO¶VVXUIDFH7KLVJHQHUDWHVDPHOWSRRODQGSRZGHU
LV WUDQVSRUWHG WR WKH PHOW SRRO E\ D FDUULHU JDV $V WKH SRZGHU SDUWLFOHV SDVV WKURXJK WKH ODVHU EHDP WKH\ DUH
SUHKHDWHG DQG OLTXLGPHWDO GURSOHWV FDQ EH IRUPHG ,I WKH WUDQVLWLRQ WLPH RU ODVHU HQHUJ\ LV WRR KLJK IRU D JLYHQ
SDUWLFOH VL]H DQGPDWHULDO SURSHUWLHV SDUWLFOHVZLOO EH HYDSRUDWHG 7KLV KDV WR EH FRQVLGHUHGZKHQ D SUHDOOR\HG
SRZGHULVXVHGDQGWKHSURFHVVSDUDPHWHUVDUHVHWIRUKLJKEXLOGXSUDWHVDQGHIILFLHQF\$OWKRXJKVPDOODPRXQWVRI
HYDSRUDWLRQGRQRWFDXVHDQ\SUREOHPVWRRPXFKHYDSRUDWLRQFDQFDXVHVHULRXVSROOXWLRQRIWKHSRZGHUQR]]OHDQG
SURFHVVLQJFKDPEHU$GGLWLRQDOO\SODVPDIRUPDWLRQZLOOFRUUXSWWKHGHSRVLWLRQSURFHVV)RUin situDOOR\LQJVHYHUDO
SRZGHUVZLWKGLIIHUHQWPDWHULDOSURSHUWLHVDQGHYHQGLIIHUHQWJHRPHWULHVDUHXVHG7KHUHIRUHWKHVHOHFWLRQRIODVHU
SDUDPHWHUV EHFRPHV TXLWH FKDOOHQJLQJ )RU WKH SUHVHQW SRZGHU PL[WXUH RI UHIUDFWRU\ PHWDOV WKH GLIIHUHQFH LQ
PHOWLQJ SRLQWV LV KLJKHVW EHWZHHQ QLRELXP DQG WXQJVWHQ DURXQG &ZLWK QLRELXP KDYLQJ WKH ORZHUPHOWLQJ
SRLQW7DEOH,QWKHILUVWH[SHULPHQWVVLQJOHWUDFNZHOGVZHUHSURGXFHGZLWKFRQVWDQWSXOVHOHQJWKRIPVDQG
IHHGVSHHGRIPPPLQZKLOHSXOVHSRZHUDQGSXOVHIUHTXHQF\ZHUHFKDQJHG2SWLPDOSXOVHSRZHUZDVIRXQG
WREH:+]SXOVHIUHTXHQF\KLJKHUSXOVHSRZHUFDXVHVWRRPXFKHYDSRUDWLRQZKLOHORZHUSXOVHSRZHU
GHFUHDVHV GHSRVLWLRQ HIILFLHQF\ 1HYHUWKHOHVV WKH UHVXOWLQJ ZHOG VHDP GRHV QRW ORRN VPRRWK LQ FRPSDULVRQ WR
NQRZQZHOGLQJFKDUDFWHULVWLFVRISUHDOOR\HGSRZGHUV$VFDQEHVHHQLQ)LJXUHWKHVXUIDFHRIWKHZHOGVHDPLV
GRWWHG ZLWK DGKHULQJ SDUWLFOHV 7KH ZHOG VHDP LWVHOI LV TXLWH LQKRPRJHQHRXV 7KLV VXUIDFH WRSRJUDSK\ FDQ EH
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H[SODLQHG LQ WHUPV RI D ORZ SURSRUWLRQ RI WUXH GHSRVLWLRQ ZHOGLQJ EXW D KLJK SURSRUWLRQ RI WKHUPDO VSUD\LQJ
&RQVHTXHQWO\in situDOOR\LQJLVQRWSRVVLEOHZLWKDVLQJOHWUDFNZHOG)RUVLQJOHZDOOVWUXFWXUHVPDQ\VLQJOHWUDFN
ZHOGV DUHSODFHGRQ WRSRI HDFKRWKHU+RZHYHU LW LV QRW SRVVLEOH WREXLOGXSZDOO VWUXFWXUHVZLWK WKHGHVFULEHG
VLQJOHWUDFNZHOGSURFHVVEHFDXVHDSRRUDQGSRURXVFRQQHFWLRQZLOOEHIRUPHG:KHQWKHODVHUKHDWVXSWKHVXUIDFH
RIWKLVSRURXVOD\HUVWKHKHDWFDQQRWEHWUDQVIHUUHGLQWRWKHVXEVWUDWHDVHDVLO\+HDWDFFXPXODWLRQLQWKHVHORRVHO\
FRQQHFWHGSDUWLFOHVDQGGURSOHWVOHDGVWRXQFRQWUROODEOHVWUXFWXUHJURZWKZLWKDEVHQFHRIUHDOZHOGLQJ


)LJ6(0LPDJHVOHIWDQG(';PDSVULJKWDVLQJOHZHOGVHDPZLWKLQFRPSOHWHSRZGHUPL[LQJDQGDGKHULQJGURSOHWVEUHPROWHQZHOG
VHDPZLWKVPRRWKVXUIDFHDQGKRPRJHQHRXVGLVWULEXWLRQRIWKHFRQVWLWXHQWHOHPHQWV
,QRUGHUWRPRGLI\WKHORRVHDQGSRURXVVXUIDFHWRSRJUDSK\ODVHUUHPHOWLQJZDVDGGHGWRWKHEXLOGXSVWUDWHJ\
)RUWKLVVHFRQGSURFHVVLQJVWHSDVLJQLILFDQWO\KLJKHUODVHUSRZHUKDVWREHFKRVHQWRUHPHOWDQGPL[WKHDGKHULQJ
SDUWLFOHV &DUH PXVW EH WDNHQ WKDW WKH WUDFN ZLGWK RI WKH UHPHOWHG ]RQH LV ZLGH HQRXJK WR FRYHU DOPRVW DOO WKH
GHSRVLWHGSRZGHUPDWHULDO7KHQXPEHURIUHPDLQLQJLQFRPSOHWHO\PROWHQSDUWLFOHVDWWKHHGJHRIWKHUHPROWHQDUHD
VKRXOGEHORZEHFDXVHGXULQJWKHJHQHUDWLRQRIDZDOOVWUXFWXUHPRUHDQGPRUHSRZGHUPDWHULDOZLOODFFXPXODWHDW
WKH HGJHV FRPSDUHZLWK)LJ   DQG FDQ OHDG WR D FRUUXSWHGZHOG VHDPGXH WR SRZGHU VKDGRZLQJ HIIHFWV$V D
FRQVHTXHQFHLWLVRILQWHUHVWWRUHGXFHWKHVSUHDGLQJRIWKHSDUWLFOHVGXULQJGHSRVLWLRQZHOGLQJ:LGHVSUHDGLQJFDQ
EHH[SODLQHGE\WKHLUUHJXODUFUXVKHGSDUWLFOHVKDSH,QRUGHUWRHQODUJHWKHWUDFNZLGWKRIWKHUHPROWHQOLQHWKHODVHU
IRFXV ZDV VKLIWHG  PP DERYH WKH VXUIDFH 3XOVH SRZHU ZDV VHW WR : IRU D SXOVH OHQJWK RI  PV SXOVH
IUHTXHQF\ RI +] DQG D IHHG VSHHG RI PPPLQ /RZHU IHHG VSHHG WKDW LV KLJKHU SXOVH RYHUODS OHDGV WR
HYDSRUDWLRQRIWKHGHSRVLWHGSRZGHUPDWHULDO7RJHWKRPRJHQHRXVDOOR\LQJE\HQVXULQJWKHPHOWLQJDQGPL[LQJRI
DOO WXQJVWHQ SDUWLFOHV WKLV UHPHOWLQJ ZDV UHSHDWHG WKULFH )RU PXOWLWUDFN ZHOGLQJ WKH GHVFULEHG SURFHGXUH ZDV
UHSHDWHGWLPHVDVGHVFULEHGLQ7DEOH
 
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7DEOH'HSRVLWLRQZHOGLQJSDUDPHWHUVDQGVWUDWHJ\
 3XOVHSRZHU
>:@
3XOVHIUHTXHQF\
>+]@
3XOVHOHQJWK
>PV@
)HHGVSHHG
>PPPLQ@
6WHS'HSRVLWLRQ    
6WHS5HPHOWLQJWLPHV    
%RWKVWHSVZHUHUHSHDWHGWLPHVZLWKȝP]OD\HURIIVHW

4.2. Multi-track welds with equimolar powder mixture 
0XOWLWUDFNZHOGLQJZDV SHUIRUPHGZLWK WKH SDUDPHWHUV JLYHQ LQ7DEOH  DQG WKH UHVXOW LV VKRZQ LQ)LJXUH 
QHJDWLYH LPDJH RI %6( SLFWXUH $OO PXOWLWUDFN GHSRVLWV H[KLELW FUDFNV ZLWK D KLJK FUDFN GHQVLW\ FORVH WR WKH
PRO\EGHQXPVXEVWUDWH ,QFLGHQFHRIFUDFNLQJFRXOGEHUHGXFHGE\JULQGLQJDQGFOHDQLQJRI WKHVXEVWUDWHVXUIDFH
EXWFRXOGQRWEHHQWLUHO\HOLPLQDWHG3RVVLEOHUHDVRQVIRUWKLVLQFOXGHDPLVPDWFKRIWKHUPDOH[SDQVLRQFRHIILFLHQWV
DQGFRQWDPLQDWLRQE\R[LGDWLRQ7KHR[\JHQFRQWHQW LQ WKHDWPRVSKHUHZDVQRWPHDVXUHGDQGVLQFHWKHUHZDVQR
HYDFXDWLRQEHIRUHSXUJLQJ VRPH UHVLGXDOR[\JHQKDV WREHH[SHFWHG ,QSDUWLFXODU WXQJVWHQDQGPRO\EGHQXPDUH
NQRZQ WREHVHQVLWLYH WRHPEULWWOHPHQWE\R[LGDWLRQ$SDUW IURP WKH LQIHULRUPHFKDQLFDOSURSHUWLHV FUDFNLQJFDQ
FULWLFDOO\DIIHFWWKHGHSRVLWLRQSURFHVV&UDFNLQJDWWKHVXEVWUDWHLQWHUIDFHOLPLWVWKHKHDWFRQGXFWLRQZKLFKOHDGVWR
KHDWDFFXPXODWLRQDQGXQFRQWUROODEOHVWUXFWXUHJURZWK
%DFNVFDWWHUHGHOHFWURQVDUHVHQVLWLYHWRDWRPLFQXPEHUDQGHOHPHQWVOLNHWXQJVWHQDQGWDQWDOXPVFDWWHUPRUHDQG
FDQ EH UHFRJQL]HG E\ WKHLU GDUNHU FRORUV LQ WKH QHJDWLYH RI WKH %6( LPDJHV VKRZQ LQ WKLV SDSHU $V DOUHDG\
PHQWLRQHGSRZGHUSDUWLFOHVDQGGURSOHWVVWLFNDWWKHVLGHVRIWKHVWUXFWXUHZKHUHWKHHOHPHQWVZLWKKLJKHUPHOWLQJ
SRLQWVDUHQRWPROWHQEXWHPEHGGHGLQDPDWUL[RIQLRELXPDQGPRO\EGHQXP,QFRQWUDVWWKHFHQWUDOVHFWLRQVRIWKH
ZHOGVHDPVDUHUHODWLYHO\ZHOOPL[HGH[FHSWIRUDIHZGDUNHUORFDODUHDV7KHVHFDQEHH[SODLQHGE\DQLPSHUIHFW
SRZGHUGHOLYHU\V\VWHP$OWKRXJKWKHUHPHOWLQJVWHSLVSHUIRUPHGZLWKRXWSRZGHUIORZUHPDLQLQJSRZGHULQVLGH
WKHGHOLYHULQJ WXEHVFDQFRPH ORRVH+LJKPHOWLQJSRLQWSDUWLFOHVFDQSHQHWUDWH WKHPHOWSRRODQGDUHRQO\SDUWO\
PHOWHGEHIRUHVROLGLILFDWLRQ7KH(';DQDO\VLVDOVRVKRZQLQ)LJXUHUHYHDOHGDQRQHTXLPRODUFRPSRVLWLRQLQ
WKHFHQWHU$YHUDJHDWRPLFFRQFHQWUDWLRQVDUHJLYHQLQ)LJXUHDQGLQGLFDWHDUHODWLRQEHWZHHQPHOWLQJSRLQWDQG
FRQFHQWUDWLRQ([FHSWIRUPRO\EGHQXPWKHORZHUWKHPHOWLQJSRLQWRIDQHOHPHQWWKHKLJKHULWVFRQFHQWUDWLRQ7KLV
PD\EHUHODWHGWRWKHGHSRVLWLRQFKDUDFWHULVWLFRIVLQJOHZHOGWUDFNV1RWRQO\LVWKHSUREDELOLW\KLJKHURIWKHSRZGHU
SDUWLFOHV EHFRPLQJ PROWHQ ZKLOH SDVVLQJ WKURXJK WKH ODVHU EHDP IRU ORZ PHOWLQJ SRLQW SDUWLFOHV EXW VR LV WKH
SUREDELOLW\RIVWLFNLQJDQGPHOWLQJRQWKHODVHUKHDWHGVXUIDFH$VVXPLQJDWHPSHUDWXUHJUDGLHQWRQWKHVXUIDFHZLWK
D PD[LPXP KLJKHU WKDQ WKH KLJKHVW PHOWLQJ SRLQW LQ WKH FHQWHU RI WKH ODVHU VSRW LW LV PRUH OLNHO\ IRU QLRELXP
SDUWLFOHV WKDQ IRU WXQJVWHQ SDUWLFOHV WR VWLFN DQG PHOW RXWVLGH RI WKDW FHQWHU DQG HYHQ RXWVLGH RI WKH ODVHU VSRW
0RO\EGHQXP LV DQ H[FHSWLRQ DQG VKRZV ORZ FRQFHQWUDWLRQ LQ WKH JHQHUDWHG DOOR\ZKLFK FDQQRW EH H[SODLQHG DW
SUHVHQWDQGQHHGVIXUWKHUVWXG\8QIRUWXQDWHO\PRO\EGHQXPLVWKHRQO\HOHPHQWZLWKVSKHULFDOSDUWLFOHVKDSHDQG
VOLJKWO\ORZHUVL]H$VDFRQVHTXHQFHWKHVHSDUWLFOHVHYDSRUDWHPRUHHDVLO\ZKLOHSHQHWUDWLQJWKHODVHUEHDPORZHU
VXUIDFHYROXPH UDWLR DQG WKH SUREDELOLW\ RI UHERXQG LV KLJKHU FRPSDUHG WR LUUHJXODU VKDSHG SDUWLFOHV GXH WR D
VPDOOHUFRQWDFWDUHD,QRUGHUWRSURYHWKLVDVVXPSWLRQPRO\EGHQXPSDUWLFOHVZLWKLUUHJXODUVKDSHKDYHWREHWHVWHG
RUWKHRWKHUHOHPHQWVZLWKVSKHULFDOVKDSHVVKRXOGEHXVHG$QRWKHUIDFWRUFRXOGEHWKDWUHODWLYHWRLWVPHOWLQJSRLQW
PRO\EGHQXPKDVDKLJKYDSRUSUHVVXUHFRPSDUHGWRWKHRWKHUHOHPHQWVVHH)LJXUH

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
)LJ&URVVVHFWLRQRIDPXOWLWUDFNZHOGRI0R1E7D:>DW@SRZGHUPL[WXUHRQPRO\EGHQXPVXEVWUDWH(';DORQJWKHGRWWHGOLQH
VKRZVQRQHTXLPRODUFRPSRVLWLRQ1HJDWLYHLPDJHRI%6'SLFWXUHVKRZVKHDYLHUHOHPHQWVWXQJVWHQWDQWDOXPGDUNHUWKDQOLJKWHOHPHQWV
QLRELXPPRO\EGHQXP



)LJ$YHUDJHFRQFHQWUDWLRQVRIWKHFRQVWLWXHQWHOHPHQWVLQWKH0R1E7D:>DW@+($GHSRVLWHGE\PXOWLWUDFNZHOGLQJDVDIXQFWLRQRI
PHOWLQJSRLQWDQGYDSRUSUHVVXUH,QJHQHUDOFRQFHQWUDWLRQGHFUHDVHVZLWKLQFUHDVLQJPHOWLQJSRLQW2QO\PRO\EGHQXPGLIIHUVIURPWKLVWUHQG
EXWLWKDVDUHODWLYHO\KLJKYDSRUSUHVVXUH3ODQVHHDQGLWZDVWKHRQO\SRZGHUZLWKDVSKHULFDOVKDSH
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4.2. Multi-track welds with modified composition of powder mixture 
7KH FRPSRVLWLRQ RI WKH JHQHUDWHG PXOWLWUDFN ZHOG GLVFXVVHG DERYH ZDV XVHG DV D JXLGH WR FKDQJH WKH
FRPSRVLWLRQRIWKHSUHPL[HGSRZGHUIURP0R1E7D:>DW@WR0R1E7D:>DW@VDPSOHVL]Ha
J0RJ1EJ7DJ:J'HSRVLWLRQSDUDPHWHUVZHUHNHSWFRQVWDQWRQO\WKH]OD\HURIIVHWZDVUHGXFHG
IURPȝPWRȝP5HVXOWVDUHVKRZQLQ)LJXUHZKHUHERWKVDPSOHVZHUHSUHSDUHGRQWKHVDPHVXEVWUDWHEXW
IRU WKH ILUVW VDPSOH )LJ D WKH GHSRVLWLRQZDV VWDUWHG DW D SUHKHDWLQJ WHPSHUDWXUH RI  &ZKLOH WKH VHFRQG
VDPSOH)LJEZDVVWDUWHGDIWHUSUHKHDWLQJWR&7KHLQIOXHQFHRISUHKHDWLQJWHPSHUDWXUHFDQEHHDVLO\VHHQ
QRWRQO\LQWKHVKDSHRIWKHJHQHUDWHGVWUXFWXUHEXWDOVRLQWKHFKHPLFDOFRPSRVLWLRQ/RZHUSUHKHDWLQJUHVXOWVLQD
VPDOOVWUXFWXUHZLGWKZKLFKLVFRPSDUDEOHWRWKDWRIWKHVLQJOHWUDFNZHOGVLQFHWKHDUHDLQZKLFKWKHSDUWLFOHVVWLFN
WR WKH VXUIDFH LV VLPSO\ VPDOOHU $GGLWLRQDOO\ WKH QXPEHU RI LQFRPSOHWHO\ PL[HG SDUWLFOHV DW WKH VLGHV RI WKH
VWUXFWXUHLVUHGXFHG7KLVLVGXHWRWKHIDFWWKDWWKHVLGHVDUHFOHDQHGGXULQJWKHUHPHOWLQJVWHSEHFDXVHRIDODUJHU
ODVHU VSRW VL]H XQG KLJKHU ODVHU SRZHU )URP WKDW SRLQW RI YLHZ LWZRXOG EH RI LQWHUHVW WR UHGXFH WKH SUHKHDWLQJ
WHPSHUDWXUHLQRUGHUWRLPSURYHWKHTXDOLW\RIWKHVWUXFWXUHVLGHVEXWWKLVEHKDYLRXUKDVWREHLQYHVWLJDWHGIRUODUJHU
VWUXFWXUHV3UHVXPDEO\WKHQXPEHURILQFRPSOHWHO\PL[HGSDUWLFOHVDWWKHORZHUSDUWRIWKHVWUXFWXUHZLOOLQFUHDVHLQ
WKDW FDVH ,Q DGGLWLRQ WR WKH REVHUYHG JHRPHWULFDO PRGLILFDWLRQV WKH FKHPLFDO FRPSRVLWLRQ ZDV LPSURYHG DQG
DSSURDFKHGWKHGHVLUHGHTXLPRODUFRPSRVLWLRQRIWKH+($)LJE,WFDQEHVHHQWKDWWKHFRQWHQWRIQLRELXPDQG
PRO\EGHQXPLQSDUWLFXODULVVWLOOWRRKLJKEXWWKHUHLVDOVRDGULIWWRWKHHTXLPRODUFRPSRVLWLRQIURPERWWRPWRWRS
7KHVHFRQGVDPSOH)LJXUHEH[KLELWVEHWWHUJHRPHWULFDOFRQVLVWHQF\FRPSDUHGWRWKHYHU\ILUVWVDPSOH)LJXUH
ZKLFK ZDV WKH EDVLV IRU WKH SRZGHU PL[WXUH PRGLILFDWLRQ DQG WKHUHIRUH FRQILUPV D FRPSDUDEOH GHSRVLWLRQ
WHPSHUDWXUHKLVWRU\7KDW LVZK\ WKH FKHPLFDO FRPSRVLWLRQ FRPHV FORVH WR WKH HTXLPRODU FRPSRVLWLRQ7KXV LW LV
SRVVLEOHWRSHUIRUPin situDOOR\LQJRIHOHPHQWVZLWKDKLJKGLIIHUHQFHLQPHOWLQJSRLQWVEXWWKHUHVXOWVDOVRVWUHVV
WKHVHQVLWLYLW\WRWHPSHUDWXUH
,QWKHILUVWH[SHULPHQWVWKHODVHUSDUDPHWHUVRIWKHGHSRVLWLRQVWHSZHUHVHOHFWHGEDVHGRQGHSRVLWLRQHIILFLHQF\
ORZHYDSRUDWLRQUDWHDQGSURFHVVFKDPEHUSROOXWLRQEXWDQDGGLWLRQDOVHULHVRIH[SHULPHQWVVKRZHGWKHLQIOXHQFHRQ
FRPSRVLWLRQ)LJXUHLOOXVWUDWHVWKHYDULDWLRQRIFRQFHQWUDWLRQZLWKSXOVHSRZHU3XOVHIUHTXHQF\ZDVVHWWRSURYLGH
WKHPD[LPXPDYHUDJHSRZHUDOORZHGE\WKHODVHUV\VWHP)XUWKHUSDUDPHWHUVZHUHNHSWFRQVWDQWDVJLYHQLQ7DEOH
DQGWKHFKHPLFDOFRPSRVLWLRQZDVDYHUDJHGRYHUWKHFURVVVHFWLRQ7KHUHVXOWVVKRZWKHKLJKHUFRQFHQWUDWLRQRIORZ
PHOWLQJSRLQWHOHPHQWVDWORZHUSXOVHSRZHU


)LJ(OHPHQWDOFRQFHQWUDWLRQVLQPXOWLWUDFNZHOGVPRGLILHGSRZGHUPL[WXUHDVDIXQFWLRQRISXOVHSRZHU3XOVHOHQJWKZDVNHSWFRQVWDQWDQG
SXOVHIUHTXHQF\ZDVIL[HGDWWKHPD[LPXPYDOXH5HVXOWLQJDYHUDJHSRZHULVVKRZQ
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
)LJ0XOWLWUDFNZHOGRIPRGLILHG0R1E7D:>DW@SRZGHUPL[WXUHRQPRO\EGHQXPVXEVWUDWH(';DQDO\VLVZDVSHUIRUPHGDORQJWKH
GRWWHGOLQHDQGWKHUHVXOWLQJFRPSRVLWLRQVDUHSORWWHGRQWKHULJKW1HJDWLYHLPDJHRI%6(SLFWXUHVKRZVKHDYLHUHOHPHQWVWXQJVWHQWDQWDOXP
GDUNHUWKDQOLJKWHOHPHQWVQLRELXPPRO\EGHQXPD6XEVWUDWHZDVSUHKHDWHGWR&6WUXFWXUHVKRZVQRQHTXLPRODUFRQFHQWUDWLRQVE
6XEVWUDWHZDVSUHKHDWHGWRDURXQG&6WUXFWXUHVKRZVQHDUHTXLPRODUFRPSRVLWLRQ
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&RQFOXVLRQDQGRXWORRN
([SHULPHQWV KDYH VKRZQ WKDW LW LV SRVVLEOH WR XVH SUHPL[HG SRZGHU DQG SHUIRUP in situ DOOR\LQJ EXW WKH
JHQHUDWHGFKHPLFDOFRPSRVLWLRQGHYLDWHVIURPWKHVWDUWLQJSRZGHUFRPSRVLWLRQ,QJHQHUDOWKHFRQFHQWUDWLRQRIDQ
HOHPHQWZLOOEHKLJKHUWKHORZHULWVPHOWLQJSRLQW8VLQJFDOLEUDWLQJH[SHULPHQWVLWLVSRVVLEOHWRPRGLI\WKHSRZGHU
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